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LITTER SERIATION AND THE INVASION OF
FIBROSARCOMAS IN MICE*
LEONELL C. STRONG
Litter seriation has been shown to influence the time (the latent period)
at which a fibrosarcoma appears in mice following the subcutaneous injec-
tion of methylcholanthrene.' This new principle is a variable one which
apparently increases or decreases (in mice of certain strains) in a mother's
body with advancing age and is handed down to her progeny by some
means other than through the germ plasm (the mechanism of genes). This
observation has been made on female mice which have not been injected
with methylcholanthrene nor subjected to any other experimental pro-
cedure. They were mated to their normal litter-mate brothers. In the
succeeding litters of mice of some strains, the average latent period for the
appearance of chemically induced fibrosarcomas was gradually decreased
and reached the lowest value in mice of the 7th and 8th litters. This
increase of susceptibility to fibrosarcomas in successive litters is also vari-
able in a second manner being more pronounced in mice of some strains
(F1, Brs X C57 and Prunt) than in other strains (2 Prunt). The reverse
relationship of litter seriation has recently been found in mice of the Pridil
subline where the average latent period for the appearance of fibrosarcomas
is increased in mice of the successive litters.
It has also been shown that litter seriation influences the length of time
that a mouse will live with the growth of a fibrosarcoma (the survival
time).' Thus if a mouse developed a fibrosarcoma with a latent period of
less than 100 days and belonged to a first litter, it lived, on an average,
52 days. The survival time gradually increased in mice of the successive
litters until if it belonged to an 8th litter, it lived, on an average, 130 days.
The average latent period for mice of the first four litters was 75.5 days,
whereas mice of the 5-8 litters lived, on an average, 106.3 days with the
growth of the same type of induced tumor. There is also an increasing sex
differential as measured by the appearance of fibrosarcomas in mice belong-
ing to the successive litters of the same parents. This sex difference in
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tumor susceptibility for mice with latent periods of less than 100 days is
13.2% in mice of the 1-2 litters, 20.9%o in mice of the 3-4 litters, 23.5%o
in mice of the 5-6 litters and 50%o in mice of the 7-8 litters.!
In this paper data are presented which indicate that the percentage of
mice showing fibrosarcomas which invade or metastasize into the abdomen
is also under the control of a principle influenced by litter seriation. By
invasion is meant the appearance of discrete nodules, similar in histological
appearance to the original local
tumor, in the abdominal cavity. io PERCENTAGE
These secondarynodules usual-
ly involve the liver, kidney, or
intestinal mesentery, but may
also involve other viscera.
At present 788 mice of the
combined Prunt and 2 Prunt
sublines of the NHO strain 5 --
having been injected with 1
mgm. of methylcholanthrene
dissolved in 0.1 cc. of sesame v
oil at 60-70 days of age de-
veloped fibrosarcomas at the
site of the injection of the car-
cinogen and have died showing l-2 3-4 5-6 7-8 9-10 11-12
the presence of the induced LITTERS
tumor. In other words, all CHART 1. This chart presents the data on the
percentage of mice showing invasive fibro- mice which have died without sarcomas following the subcutaneous injection
developing a tumor or in which of methylcholanthrene. Litters are plotted along
a cheicaly inucedtumo hasthe base line and percentage of invasive tumors a chemically induced tumor has on the vertical line. Data for females on single
regressed are excluded from solid line; for males on the short dash line and
the present analysis. Of this for combined males and females on the solid the preent anlysis. f this double line.
total, 449 have been females
and 339 have been males. The data obtained on mice of the different litters
are presented in Table 1 and graphically in Chart 1.
By.an analysis of these data it will be seen that the maximum percentage
of invasive tumors is obtained in males belonging to the first and second
litters (8.53%) and in females of the third and fourth litters (10.0%o).
This percentage of invasive tumors decreases for both sexes in mice of the
succeeding litters and reaches 0%o in all mnice of the advanced litters. There
is a slight sex differential in the percentage of mice showing invasive
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tumors between the 3-8 litters but this difference is not statistically sig-
nificant (8.90%o in females: 4.38%o in males giving a sex difference of
4.52 + 1.97%o or 2.29 X a). By combining data for mice of the 1-6 litters
TABLE 1. SUMMARY OF DEVELOPMENT OF INVASIVE TUMORS IN MICE
Showing: stock, litter, total number of tumors in females and males; number of
mice showing invasive tumors, females and males combined and separate; and the
percentage of mice (both females and males) which developed invasive tumors.
No. tumors Invasion % Invasion
Stock Litter T 9 d T 9 d T 9 s
1-2 99 53 46 9 4 5
1-2 87 51 36 7 5 2
1-2 186 104 82 16 9 7
3-4 151 84 67 11 8 3
3-4 165 96 69 14 10 4
3-4 316 180 136 25 18 7
5-6 103 63 40 6 6 0
5-6 98 52 46 9 5 4
5-6 201 115 86 15 11 4
7-8 27 16 11 0 0 0
7-8 44 26 18 1 1 0
7-8 71 42 29 0 0 0
9-10 4 2 2 0 0 0
8.60 8.65 8.53
7.91 10.00 5.14
7.46 9.57 4.65
1.41 2.38 0
0 0 0
7 3 4 0 0 0 0 0 0
11 5 6 0 0 0 0 0 0
3 3 0 0 0 0 0 0 0
0 0 0
588 337 251
703 399 304
85 50 35
788 449 339
0 0 0 0
41 30 11 6.97
56 38 18 7.97
1 1 0 1.17
57 39 18 7.23
0
8.90
9.52
2.00
8.69
0
4.38
5.93
0
5.31
and comparing them with similar data for mice of the 7-12 litters, it will
be seen that there is a significant difference between the groups in relation
to mice which have developed invasive tumors. The x2 value of the differ-
Prunt
2 Prunt
Total
Prunt
2 Prunt
Total
Prunt
2 Prunt
Total
Prunt
2 Prunt
Total
Prunt
2 Prunt
Total
Prunt
2 Prunt
Total
Total
Total
Total
9-10
9-10
11-12
11-12
3-8
1-6
7-12
1-12
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ence is 5.209 with a P value .05 > P > .02; x2 value of this difference,
with Yates' correction, is 4.247 with a P value .05 > P > .02. The deter-
mination of the standard deviation and the probable error also disclose a
significant difference between the data obtained on mice of the 1-6 and the
7-12 litters. These values are for 1-6 litters, 647 non-invasive tumors to
56 invasive tumors or 7.97 + 1.02% invasive tumors; for mice of the 7-12
litters these data are 84 non-invasive tumors to 1 invasive tumor or 1.17
+ 1.16%o invasive tumors. The difference between the data of the 1-6
litters and 7-12 litters is 6.80 + 1.54%o invasive tumors or 4.41 X v.
Discussion
In this paper the characteristic of invasiveness of chemically induced
fibrosarcomas is shown to be associated with litter seriation. The percentage
of mice showing invasive tumors gradually diminished in mice of successive
litters. This means that the invasive characteristic of the malignant tumor
is not exclusively determined by the tumor itself. The host somehow or
other under the influence of a non-genetic principle derived from its
ancestry is capable also of determining certain aspects of malignancy (e.g.
the ability to invade into the abdomen).
The present investigation on litter seriation in relation to chemically
induced fibrosarcomas is faced with a paradox. Sufficient data are at hand
to arrive at the tentative conclusion that while the tumors in mice of the
successive litters are coming earlier and earlier (a diminishing latent
period), the survival time is gradually increasing and the percentage of
mice showing invasive tumors is gradually diminishing. The longer survival
time and the less frequent invasive tumors may be the result of the same
mechanism but how this is correlated with the principle of earlier appearing
tumors is not at present clear.
The small percentage of mice showing invasive fibrosarcomas (7.23%o
for all mice between 1-12 litters) is unquestionably the result of selection
toward resistance to all types of chemically induced tumors to which the
ancestry of these (Prunt and 2 Prunt) mice have been subjected for 17-20
inbred generations. Mice of all the original fifteen inbred strains which have
been tested with the same amount of methylcholanthrene have all shown
a considerably higher incidence of invasive tumors and the survival time of
mice growing fibrosarcomas is considerably less than it is for the mice
belonging to the Prunt and the 2 Prunt sublines.
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Conclusions
1. The characteristic of invasiveness of chemically induced fibrosarcomas
is partially determined by some new principle found in the host which has
been derived from its ancestry and is differentially determined by litter
seriation.
2. The number of mice developing chemically induced fibrosarcomas that
have the capacity to invade the abdomen is gradually reduced in successive
litters of the same breeding parents.
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